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We, E. I. Du Pont de Nemours and 
Company, a corporation organized and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wilmington, 

5 State of Delaware, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to improved poly- 
meric sheet materials. It is more particularly 
directed to such sheet materials which have 
non-woven base fabrics of entangled, en- 

1 5 meshed, helically micro-crimped fibers, 
treated with synthetic, organic polymers. 

In times past, synthetic polymeric sheet 
materials, especially those to be used in mak- 
ing shoe uppers and luggage, have been made 

20 on woven fabric bases or on non-woven 
bases prepared by randomly arranging suit- 
^ "able fibers and then needle punching the 
resulting batts or otherwise treating them to 
bond the fibers together and give the struc- 

25 tures integrity. Sheet materials made on such 
bases show what is known as "roughening" 
when they are stressed. This shows up as a 
peanut-shell effect on the finish of the 
finished article and so makes the material 

30 aesthetically unsuitable for use. 

This "roughening" problem has been 
handled by placing an interlayer fabric be- 
tween the base fabric and the surface of the 
sheet material. This, of course, is bother- 

35 some and quite expensive. The sheet ma- 
terials of this invention, however, do not 
exhibit "roughening" and so the need for 
interlayers and other devices to obscure it is 
eliminated. These materials accordingly find 

40 their grea test usefulness as shoe upper ma- 
tte 



terials and as sheets to be used in the manu- 
facture of luggage. 

In addition, the sheet materials of the 
invention are more pliable, show better fold- 
ing characteristics, have better drape and can 45 
be made in a wider range of elasticities than 
polymeric sheet materials having other 
woven or non-woven bases. These improve- 
ments make the sheet materials of the in- 
vention highly suited for the manufacture of 50 
gloves, outer garments and accessories such 
as purses. 

The Base Fabrics 

In preparing the non-woven base fabrics, 
suitable fibers are processed in such a way 55 
that their helical micro-crimps are made to 
entangle and enmesh with one another to 
give coherent masses which require no 
needling, cementing or bonding for their 
structural integrity. 60 

The fibers, as they occur in the completed 
base fabrics and in the final products, have 
from 80 to 1000 helical micro-crimps per 
inch of unextended length. Micro-crimps, 
as used here, means crimps which cannot be 65 
seen by the unaided eye. 

The helical crimp frequency is determined 
by microscopically counting the number of 
effective 360° convolutions per inch of fiber. 
(For example, 2X180° convolutions equal 70 
1x360° convolution.) Base fabrics of fibers 
having from 10O— 300 helical micro-crimps 
per inch are preferred because they give 
sheet materials with enhanced non-roughen- 
ing characteristics. 75 

Helically crimped fibers having crimp fre- 
quencies somewhat outside this range can 
be present in the base fabrics, but such fibers 
give fabrics having reduced coherence, which 
causes difficulties in processing. 80 
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"Helical" is used here to described fibers 
having spiral " or corkscrew configurations. 
The definition, however, is not limited to 
fibers which describe perfect helices. It also 
5 includes fibers whose helices are symmetrical, 
asymmetrical, regular and irregular, as well 
as fibers whose helices reverse direction at 
intervals. In essence, "helical" defines a fiber 
whose predominant configuration is helical 

10 or spiral. 

The fibers, as they occur in the base fabric 
and in the final product, have crimp elonga- 
tions greater than about 10%. Products pre- 
ferred for their non-roughening characterise 

15 tics are made on base fabrics of fibers having 
crimp elongation values of from 15% to 

. 300%. 

Helically crimped fibers having crimp 
elongation values somewhat* outside this 
20 range can be present in the base fabrics, but 
with such fibers the fabrics become pro- 
gressively stiffer with decreasing values and 
§ progressively more elastic with increasing 
values, to points at which the fabrics give 
25 sheet materials unsuited for the uses des- 
cribed. 

Crimp elongation values are computed 
according to the formula 

% Crimp elongation = 

( extended length — crimped length 1 

30 ■ X 100 

{ crimped length J 

Extended length, as the term is used in this 
formula, means the length of a fiber after it 
has been pulled straight, but without stretch- 
ing the fiber itself. Crimped length is the 
35 length of a crimped fiber at rest 

These base fabrics have densities ranging 
from 0.01 to 0.4 grams per cubic centimeter, 
and have tensile strengths (strip) of 0.05 to 
about 4.0 pounds/inch/ounce/square yard. 

40 Fibers Used to Make Base Fabrics 

The fibers used to make the base fabrics 
must either be manufactured in a way which 
gives them the proper helical crimp frequen- 
cies and crimp elongations to begin with, as 

45 defined for the final product, or must be 
capable of being transformed, during pre- 
paration of the base fabrics, into fabrics 
which have the proper characteristics. The 
latter type of fiber is said to have helical 

50 micro-crimp potential", or to be "helically 
micro-crimpable". 

Fibers having proper crimp frequencies 
and crimp elongations at the start can be 
made by mechanically twisting the fibers and 

55 then setting the resulting helices with heat 
A number of fibers have helical micro- 
crimp potential and so are capable of de- 
veloping suitable crimp frequencies and 
crimp elongations on exposure to process 



conditions in the preparation of the base 60 
fabrics. Foremost among these are bi-com- 
ponent fibers composed of two different syn- 
thetic polymeric materials, usually in a side- 
by-side relationship. Helical micro-crimps 
can be induced in such fibers by subjecting 65 
them to some agency which differentially 
shrinks or relaxes the components. Suitable 
bi-component fibers are described, for ex- 
ample, in U.S. Patents 2,197,896; 2^87,099 
and 2,439,815. 70 

Fibers having helical micro-crimp poten- 
tial can also be prepared by differential 
drawing, a process in which one side of a 
monocomponent fiber is stretched more than 
the other during its manufacture. Such fibers 75 
can also be prepared by jet quenching, a 
variation of the differential drawing tech- 
nique. In jet quenching, one side of a mono- 
component fiber is cooled more than the 
other while the fiber is being drawn. By 80 
either of the methods, drawing or quenching, 
fibers are formed which, like the bi-compo- 
nent fibers, can be helically micro-crimped 
by simply subjecting them to some agency 
which shrinks or relaxes one side of the fiber 85 
more man the other. . 

Chemically, the fibers can be of any poly- 
mer, copolymer, or combination, which can 
be made into a fiber capable of taking on 
the proper helical crimp frequency and 90 
crimp elongation. 

The fibers can, for example, be homofibers 
or bi-component fibers, in any combination, 
of polyesters such as poly(ethylene tere- 
phthalate), polyamides such as poly(hexa- 95 
methylene adipamide), acrylics such as poly- 
acrylonitrile, or polyolefins such as polypro- 
pylene. Bicomponent fibers of different 
acrylic polymers or of different polyester 
polymers are preferred. The homofibers and 100 
bi-component fibers can also be of one or 
more copolymers. Such copolymers as 
acrylonitrite/sodium styrenesulfonate copoly- 
mers, ethylene terephthalate/ethylene iso- 
phthalate copolymers, hexamethylene adip- 105 
amide/hexamethylene sebacamide copoly- 
mers, acrylonitrile/vinyl acetate copolymers 
and acrylonitrile/methyl methacrylate co- 
polymers are suitable, 

Bi-component fibers of polyacrylonitrile 110 
and an acrylonitrile/sodium styrenesulfonate 
copolymer are readily available and suitable 
for use. 

Unless the fibers to be used in making the 
base fabrics have fully developed crimp fre- 115 
quencies and crimp elongation values to 
begin with, they will have "initial" crimp 
frequencies and "initial" crimp elongation 
values which are to be distinguished from 
these values defining the fibers in the final 120 
product "Initial**, in this sense, is used to 
describe these values in connection with the 
fibers after their manufacture but . before 
they are processed into base fabrics. 
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Th initial crimp frequencies of the fibers 
to be used in making the base fabrics are 
governed largely by how the fibers are to be 
handled. If, for example, non-woven batts 
5 are to be first made by rando-webbing, 
helically micro-crimpable fibers having initial 
crimp frequencies of from 4 to 12 are con- 
venient to use because of the ease with 
which they can be processed. If carding 
10 techniques are to be used in making non- 
woven batts, fibers having greater initial 
crimp frequencies can be easily handled. 

The helically micro-crimpable fibers should 
also have initial crimp elongation values of 
15 up to 300%. This is important because some 
of the initial crimp elongation may be lost 
in subsequent processing, and if one selects 
initial crimp elongation values which are too 
low, most of the crimp elongation may be 
20 lost giving base fabrics which are stiff and 
"boardy". 

The length of staple which is to be used in 
preparing the base fabrics is similarly 
governed by subsequent treatment. If the 

25 fibers are too short, they are difficult to 
handle; if the fibers are too long, the pro- 
ducts are satisfactory but the staple tends to 
clump in the equipment. Generally, fibers 
can be used which have an extended length 

30 of from to 3". Shorter fibers can be used, 
but paper-making techniques must then be 
employed to form a non-woven base fabric. 

The tensile strength and modulus of the 
fibers to be used can vary within practical 

35 limits. It is important only that these proper- 
ties be such that a satisfactory product will 
result. Ordinarily, any commercial fiber will 
be satisfactory from the standpoint of tensile 
strength and modulus because the criteria 

40 which govern whether or not a fiber is ac- 
ceptable for general commercial use are the 
same as those which govern acceptability of 
the fiber for making the sheet materials of 
the invention. A tensile strength of about 0.5 

.45 to 8.0 grams per denier and an- initial 
modulus of about 5 gms. /denier to about 
120 gms. /denier have been found to be satis- 
tory in most situations. 

How the Base Fabric is Made 
50 The non-woven base fabrics can be pre- 
pared according to three basic methods. 

In the first method, suitable helically 
micro-crimpable fibers are subjected to some 
agency which induces the requisite helical 
55 crimp. These fibers, or fibers which are 
manufactured to give proper final helical 
crimp frequencies and crimp elongation 
values, are then carded, rando-webbed, or 
laid down in random patterns by paper- 
60 making techniques. The resulting web is 
then pressed so that the helices of the fibers 
entangle and enmesh with those of their 
neighbors. This gives a finished, coherent 
base fabric. 



In the second method, the so-called "coil- 65 
transfer" method, suitable fibers having a 
proper initial crimp and helical micro-crimp 
potential are laid down in a loose batt by 
carding or rando-webbing. This batt is then 
kept under physical restraint to prevent area 70 
shrinkage while it is subjected to an agency 
which induces helical micro-crimp in the 
fibers. As the fibers crimp, they entangle and 
enmesh with one another. When crimping is 
complete, the restraint is released. The pro- 75 
duct is a highly coherent non-woven base 
fabric. Coherence of the product can be en- 
hanced by pressing it after the crimping step. 

It has been found that elasticity can be 
built into the base fabric by allowing a cer- 80 
tain amount of area sririnkage instead of 
keeping the batt under restraint. The amount 
of shrinkage can be controlled by the tem- 
perature of the crimping agency. The elas- 
ticity of the base fabric will vary according 85 
to the amount of shrinkage permitted, the 
greater amounts giving ihe more elastic 
fabrics. This elasticity can, if desired, be . 
carried over into the final product. 

The agency to which the helically micro- 90 
crimpable fibers are subjected to induce 
crimp will naturally vary according to the 
nature of the fiber. Speaking generally, a 
helical micro-crimp can be induced in a 
fiber having helical micro-crimp potential by 95 
simply exposing the fiber to heat. 

Most bi-component fibers can be helic- 
ally micro-crimped by exposing them to hot 
water or to saturated steam, the higher tem- 
peratures inducing higher crimp frequencies. 100 

Helical micro-crimps can be effectively 
induced in bi-component acrylic fibers with 
dimethylformamide/ water mixtures. 

Vapors of dimethylformamide/water mix- 
tures having DMF /water weight ratios of 105 
from 60/40 to about 20/80 are preferred 
because of their efficiency, but these mix- 
tures are also satisfactory when used in the 
hot (50°C. to 130°C) liquid phase. 

In both liquids and vapors, the Higher 110 
DMF /water ratios favor higher crimp fre- 
quencies. 

Propylene carbonate-and ethylene carbon- 
ate-water mixtures can also be used to in- 
duce crimp in bi-component acrylic fibers 115 
having helical micro-crimp potential. 

In the third method, helically micro- 
crimped continuous filaments are laid down 
in random patterns by electro-pneumatic 
spinning techniques more particularly des- 120 
cribed in British Patent No. 932,482, to form 
loose batts which, are then pressed or calen- 
dered to give coherent fabrics. The filaments 
can be spun, as bi-component filaments which 
are relaxed or shrunk: before laydown to 125 
develop helical micro-crimp, or they can be 
homofibers which are knife . drawn or jet 
quenched before laydown. 

Contrary to what one might expect, these 
base fabrics can be needle-punched to give 130 
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them added . dimensional strength without 
causing the roughening problem in the final 
product which ordinarily arises when con- 
ventionally pr pared base fabrics are 
5 needled. 

Coating and Impregnating 
the Base Fabrics 
The non-woven base fabrics of helically 
micro-crimped fibers, prepared as just des- 
10 cribed, can be used to prepare the sheet 
materials of the invention by coating or im- 
pregnating them with synthetic, organic poly- 
mers such as polyvinyl chloride; polybuta- 
diene; polyisoprene; copolymers of vinyl 
15 chloride with other ethylenically unsaturated 
monomers such as vinyl acetate and vinyli- 
dene chloride; copolymers of butadiene and 
acrylonitrile; and copolymers of butadiene 
and styrene. 

20 Coating can be done by conventional pro- 
cedures such as calendering, doctor-knife 
solution coating or by plastisol techniques. 

s Microporous sheet materials suitable for 
use as shoe uppers can be made by impreg- 

25 nating non-woven base fabrics, as just des- 
cribed, with polymer systems and methods 
described in Hollowell U.S. Patent 3,067,482. 
If shoe upper materials having a high degree 
of abrasion resistance are desired, the base 

30 fabrics impregnated with the materials and 
according to the techniques disclosed in the 
Hollowell patent can be top coated with 
polymer systems and methods disclosed in 
U.S. Patent 3,100,721 to E. K. Holden. 

35 Any of the polymer systems and methods 
disclosed in the aforementioned Hollowell 
and Holden patents can be used to micro- 
porously coat and impregnate non-woven 
base fabrics of helically micro-crimped 

40 fibers. The entire disclosures of U.S. Patent 
3,607,482 and U.S. Patent 3,100,721 are 
therefore incorporated into and made a part 
of this application to show methods and 
materials for preparing microporous coatings 

45 on non-woven substrates. 

The polyurethane/polyvinyl chloride poly- 
mer system and the techniques described in 
Example 1 of U.S. Patent 3,100,721 are 
especially preferred for the quality of the 

50 microporous products obtained when they 
are used. 

Shoe upper materials can also be prepared 
from the non-woven base fabrics by impreg- 
nating them with conventional polymers, in 

55 amounts small enough so that the resulting 
structures are still air permeable. These ma- 
terials can then be micro-porously coated 
according to the aforementioned Holden 
method. Illustrative of polymers which can 

60 be used to impregnate webs in. this way are 
polyvinyl chloride, polymethyl methacrylate. 
polybutadiene and polyisoprene. 

The Product 
The product which results from thus treat- 



ing a non-woven base fabric of entangled, 65 
enmeshed, helically micro-crimped fibers is 
a uniform sheet material having the follow- 
ing general characteristics : 

Density — 

between 0.2 and 0.8 gram per cubic 70 
centimeter 

Tensile Strength (Strip) — 

within the range of 03 lb. /in. /oz. /yd.* 
to 5.0 lb./in./oz./yd. 8 

Elongation at break — 75 
between 15 and 400% 
(20 — 150% preferred for shoe upper 
material) 

Fisher Pliability Value 1 — 

between 0 and 1200 80 
(50 — 900 preferred for shoe upper ma- 
terial) 

Polymer /Fiber ratio (weight) — 
20 300 

between and 

100 100 

50 150 

( to preferred for shoe upper 85 

100 100 material) 

Roughness Value 2 — 
less than 4 

Permeability Value 3 (PV) — 
0 to 20,000 

(1000 to 10,000 preferred for shoe upper 90 
material) 

The base fabric — Since the physical charac- 
teristics of the finished product are deter- 
mined, at least in part, by the characteristics 
of the base fabric, those characteristics al- 95 
ready given for the base fabric can also be 
used to partially describe the finished pro- 
duct. To summarize, the product has a non- 
woven fabric base which is a coherent mass 
of enmeshed, entangled fibers having from 100 
about 80 to about 1000 helical crimps per 
inch and crimp elongation values greater 
than 10%.* 



1 This is determined on a Fisher Pliability 
Tester, made by the Fisher Body Division 105 
of the General Motors Corporation. The 
pliability value is determined on this in- 
strument by forming a loop with a 1-inch 
by 3-inch sample and placing the edges 
of this loop, with the coated side of the 110 
sample out, in one of the slots of the 
sample platform. The platform must be in 
the down position, with the distance be- 
tween the platform and the contact foot 
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of the thickness gauge dial set at 1.2 
inches. The platform is then lifted by 
turning the crank. The maximum reading 
on the dial is reported as the Pliability 
Value in mils. 

2 Determined on machine model 1004-50B 
made by Columbia Vice and Manufactur- 
ing Co., Cleveland, Ohio. The roughness 
value of a microporous material is deter- 
mined on this machine by clamping a 12 
in. 2 sample tightly between ring clamps, 
coating side up, and distending the ma- 
terial upward with a planoconvex defor- 
mation head to a maximum of 1 inch' 
above the original plane. The head is 
moved by hydraulic pressure over a period 
of about 15 seconds. Microporous ma- 
terials which show enough roughening to 
be unacceptable for use as shoe uppers are 
rated at 4. Materials which exhibit no 
roughening are rated 0. Those materials 
which exhibit roughening between these 
limits are rated 1, 2 or 3 according to 
standard photographs; these materials 
show some insignificant roughening, but 
are .still acceptable. From a practical 
standpoint, microporous sheet materials 
having roughness values of less than 4 
are called "non-roughening". 

8 Determined by the test described by 
Kanagy and Vickers in the Journal of the 
Leather Chemists Association, 45, 211 — 
242 (April *9, 1950) and in Journal of 
Research of the United States National 
Bureau of Standards, April 1950, pages 
347—362. 

* It may sometimes be difficult, because of 
their emneshment to measure the crimp 
enlongation values of fibers after they 
have been formed into a base fabric. In 
such cases, a sample of tow is simultan- 
eously run through the coil-transfer pro- 
cess, under exactly the same conditions as 
the rando-web or carded batt. The crimp 
elongation values of the fibers in the pro- 
cessed tow are assumed to be the same as 
those in the coil-transferred base fabric. 

Examples 

The following examples are presented to 
describe the invention in greater detail. 
They are illustrative and are intended to 
show only the preferred embodiments of the 
invention. 

Example 1 
Part (A) 1£ inch staple, 1.7 denier (turbo- 
drawn 2.67 X before cutting) of a 45/55 bi- 
component fiber of polyacrylonitrile and a 
96/4 acrylonitrile /sodium styrenesulfonate 
copolymer is rando-webbed into a batt 
weighing about 5 oz./yd. 2 . 



This batt is then placed between two 
wooden frames covered with t^ut cotton 
sheeting. The frames are clamped tightly 
together so that they exert a pressure of 
about 0.02 psi on the batt and the unit is 65 
then exposed to the vapors of a 27/73 
DMF/H s O mixture at 108°C. for 5 minutes. 
This converts the fibers, which had initial 
helical crimp frequencies of 10 per inch and 
initial crimp elongation values of 70%, to 70 
fibers which have helical crimp frequencies 
of 150 — 200 per inch and crimp elongation 
values of 25 — 40%. There is no area shrink- 
age of the batt, although the thickness is 
reduced to i inch from an original 3 inches. 75 

This batt is then pressed between platens 
at 200°F., using shims, for 3 minutes, to 
enhance its coherence and to reduce it to a 
final density of 0.19 gram/cc. 

Part (B) About 3343 parts of polytetra- 80 
methylene-ether glycol, having a molecular 
weight of about 1000 are mixed with 291 
parts of tolylene-2,4-diisocyanate and heated 
for 3 hours at about 90°C About 2485 parts 
of the resulting dimer are then mixed with 85 
570 parts of methylene bis(4-phenyl isocyan- 
ate) and heated for 1 hour at about 80°C. 
to form a prepolymer with isocyanate end 
groups. 

This prepolymer is dissolved in about 90 
10,000 parts of DMF. The resulting solution 
is added slowly to a solution of 50 parts of 
N-methyl-arnino-bis -propylamine and hydra- 
zine hydrate, in a molar ratio of 40:60, 
dissolved in about 1710 parts of DMF. 95 

The resulting reaction mixture is heated 
at 40°C. for about 30 minutes to form a 
20% polyurear solution having a viscosity 
of about 115 poises. This polyurea solution 
is then mixed with a 12% DMF solution of 100 
polyvinyl chloride homopolymer ("Mar- 
vino!" VR 10-U.S. Rubber Co.; "Marvinol" 
is a trade mark) and DMF. This polymeric 
solution has the following composition: 

Polyurea "" " 8.51 parts 
Polyvinyl chloride 4.58 parts 
DMF 86.91 parts 

A 20/80 water/DMF solution is added 
slowly to 60 parts of the polymer solution 
just described until just before the solution 110 
becomes opalescent. 11.4 parts of the water/ 
DMF solution are required at which point 
the solution contains 3.2% water and 11.0 
polymer. . 

The non-woven base fabric made in (A) 115 
above is floated on this dispersion at 75°F„ 
until it is saturated. The impregnated base 
fabric is then pulled over a scraper knife to 
remove excess liquid. 

The dispersion is then uniformly coagu- 120 
lated throughout the base fabric by immers- 
ing the impregnated fabric in water at about 
75°F. until the polyurethane is coagulated. 



8.51 parts 105 
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The sheet material is then leached with 
water until it is substantially free of solvent, 
is oven dried at 275°F., and is then con- 
solidated to a density of 0.45 grams /cubic 
5 centimeter by pressing it between platens at 
300°F. 

Part (Q A solution is prepared as des- 
cribed in part (B), except that the polyurea 
solution obtained is mixed with the 12% 
10 polyvinyl chloride solution in proportions 
which give a polymeric solution having the 
following composition : 

Polyurea 10.5 parts 

Polyvinyl chloride 5.7 parts 
15 DMF 83.8 parts 

A 20/80 water /DMF solution is added 
slowly to 60 parts of this polymer solution 
until it becomes opalescent. At this point the 
polymer particles are colloidal and dis- 

20 persed. 12.2 parts of the water/DMF solu- 
* tion are required to reach this end point, at 
which the dispersion contains 3.4% water 
and 13.3% polymer, 
A film of this dispersion is knife coated 

25 (75 mil clearance) onto the impregnated ma- 
terial prepared in (B). The film is coagulated 
by immersing the coated material in water, 
film down. This is then leached in water to 
remove the DMF, dyed with 2% Nigrosine 

30 dye at 212°F. and dried at 220°F. The ma- 
terial is finished with two spray coats of a 
tannery leather base finish 1 and two spray 
coats of nitro-cellulose top lacquer 2 . Each 
coating is oven dried at 200°F. after spray- 

35 ing and weighs about 0.1 oz./yd. 2 . 

The material is then grained by pressing 
it against a smooth grained plate at 6 psi, 
300°F„ for 3 minutes. The resulting micro- 
porous polyurethane sheet material has the 

40 following characteristics : 

Thickness 35 mils 

Tensile Strength (Strip) 2.5 lbs. /in./ oz. /yd. 2 

Density -57 gm./cnx 8 

Elongation at break 70% 

45 Roughness value 1 

Fisher pliability value 100 

PV 2800 

This material is excellent for use as an 
upper material for women's shoes. It shows 
50 no roughening when lasted. 

1 No. 7 Pigment (B.B. Chemical Co.) 
64 grams 

No. 29 Binder (B.B. Chemical Co.) 
20 grams 

55 Nigrosine dye solution (2 g. dye/98 g. 
H 2 0) 44 grams 
8 B.B. Chemical Co. No. 10 

Example 2 
A poly(ethylene isophthalate)/poly(ethyl- 



ene terephthalate) bi-component fiber, 1£ 60 
denier, having 15 stuffer-box crimps per inch 
and a crimp elongation value of 10% is cut 
into li inch staple and then carded into a 
web weighing 3 oz./yd. 2 . 

The web is placed in water heated with 65 
steam at 250 lbs. /in. 2 and held , there until 
the water temperature reaches 281 °F. Under 
these conditions, the web shrinks to about 
80% of its initial area. The fibers in the 
resulting web have helical crimp frequencies 70 
of about 500 and crimp elongation values of 
200—300%. 

This base fabric is then split on a leather 
splitter to give several sheets about 20 mils 
thick, and is then processed as in Part (Q 75 
of Example 1. The resulting somewhat 
elastic material is highly suited for making 
gloves. It has the foEowing characteristics: 

Thickness 29 mils 

Tensile Strength (Strip) 2 lbs. /in. /oz. /yd. 2 80 

Density .45 gnx/cm. 8 

Elongation at break 200% 

Fisher pliability value 50 

Roughness value 1 

PV 4000 85 

Example 3 

Fibers of poly(hexamethylene adipamide), 
2 denier, having about 300 — 500 helical 
crimps per inch made by twisting and heat 
setting, and crimp elongation values of 20%, 90 
are cut into staple about 1£ inches long and 
then carded into a batt weighing about 4 
oz./yd. 2 . This batt is compressed to about 
27 mils thickness for 1 minute at 300°F. to 
give a coherent mass. 95 

The batt is then processed as in Parts (B) 
and (Q of Example 1 to give a leather-like 
material suited for use as a non-roughening 
upper material for women's shoes. The ma- 
terial has the following characteristics: 100 

Thickness 37 mils 

Tensile Strength (Strip) 2.9 lbs. /in. /oz. /yd. 2 

Density .52 gm./cm. 8 

Elongation at break 100% 

Roughness value 1 105 

Fisher pliability value 232 

PV 3300 

Similar homofibers and bi-component 
fibers, fully helically micro-crimped by sub- 
jeering them to a suitable crimping agency, HO 
can also be processed in this manner to give 
a similar product. 

Example 4. 
A sheet material is prepared according to 
the procedures disclosed in Parts (A) and 115 
(B) of Example 1, except that the base fabric 
weighs 8.8 oz. /yd. 2 . This material is finished 
with three 0.2 mil spray coats each of the 
tannery leather base finish and nitrocellulose 
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top lacquer used in Part (Q of Example L 
After these coatings have been oven dried 
at 200°R, the sheet material is embossed 
with a smooth grain plate at 30O°F. and 25 
5 psi pressure for 3 minutes to give a product 
suited for use as a non-roughening upper 
material for women's shoes. The material 
has the following characteristics: 

Thickness 31 mils 

10 Tensile Strength (Strip) 3.2 lbs. /in. /oz. /yd. 2 

Density .62 gnx/cm. 8 

Elongation at break 45% 

Roughness value 2 

Fisher pliability value 800 

15 FV 2300 

Example 5 
A sheet material is prepared according to 
the procedures disclosed in Example 4, ex- 
cept for the tannery finishing and embossing 
^ u steps. 

This material is then roller coated with a 
1% solution of "Estane" 5740-X-2* in tetra- 
hydrofuran and oven dried to give a 1£ 
oz./yd. 2 coating. The surface is embossed as 
x> in Example 4 to give a patent leather surface 
finish. 

The properties of this sheet material are 
essentially the same as those shown for the 
material in Example 4 except for the Perme- 
w ability Value, which is 0. The material shows 
no roughening when lasted in the shoe mak- 
ing operation. 

Example 6 
A non-woven base fabric is prepared ac- 
35 cording to the procedures disclosed in Part 
(A) of Example 1. This base fabric is im- 
mersed in a 12% solids solution of "Rho- 
plex" HA8 acrylic latex**. After the base 
fabric has been thoroughly impregnated with 
40 the latex solution, it is oven dried at 300°C. 
This impregnated material is consolidated 
to a density of 0.45 gram/cc. and micro- 
porously coated as in Part (Q of Example 1. 
The resulting microporous sheet material 
45 has characteristics substantially identical to 
the characteristics of the material prepared 
in Example 1. It is suited for use as a non- 
roughening upper material for women's 
shoes. 
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♦Made and sold by B. F. Goodrich Co. 
**Made and sold by Rohm and Haas Co. 



Example 7 
A 10 oz./yd. 2 polypropylene web, pre- 
pared according to the methods shown in 
55 British Patent 932,482, and composed of 
continuous filaments having 90 — 190 helical 
crimps per inch developed by knife drawing 
the filaments and allowing them to relax 
before they are randomly laid down in a 



web, is pressed at 200°F. for 3 minutes to a 60 
thickness of 75 mils. 

This web is then processed as in Parts (B) 
and (Q of Example 1. The resulting material 
is useful for upper material in men's shoes. 

It has the following characteristics: 65 

Thickness 60 mils 

Tensile Strength (Strip) 3.0 lbs. /in. /oz. /yd. 3 

Density .53 g./cc. 

Elongation at break 100% 

Roughness value 2 70 

Fisher pliability value 700 

PV 4500 

WHAT WE CLAIM IS: — 

1 . A non-roughening sheet material com- 
prising a non-woven fabric base treated with 75 
a synthetic organic polymer, said base com- 
prising a coherent mass of enmeshed, en- 
tangled, helically micro-crimped fibers, said 
fibers having from 80 to 1000 crimps per 
inch of unextended length and crimp elonga- 80 
tion values greater than 10%, said base hav- 
ing a density of from 0.01 to 0.4 gms./cc. 
and a tensile strength (strip) of from 0.05 to 

4.0 pounds /inch/ounce/yd. 2 , and said sheet 
material having a density of from 0.2 to 0.8 85 
gram per cubic centimeter, an elongation (at 
break) of from 15% to 400%, a polymer/ 
fiber ratio of from 20/100 to 300/100, a 
Fisher pliability value of from 0 to 1200, 
and a Roughness Value of less than 4. 90 

2. A sheet material according to claim 1 
wherein the fabric base comprises bicom- 
ponent fibers of different acrylic polymers. 

3. A sheet material according to claim 1 
wherein the fabric base comprises bicom- 95 
ponent fibers of different polyester polymers. 

4. A sheet material according to claim 1 
wherein the fabric base comprises bicom- 
ponent fibers of poly(ethylene terephthalate) 
and a poly(ethylene terephthalate) /poly- 100 
(ethylene isophthalate) copolymer. 

5. A sheet material according to claim 1 - - 
wherein the fabric base comprises fibers of 
polypropylene. $ 

6. A sheet material according to claim 1 105 
wherein the fabric base comprises fibers of 
poly(ethylene terephthalate). 

7. A sheet material according to claim 1 
wherein the fabric base comprises bicom- 
ponent fibers of polyacrylonitrile and an HO 
acrylonitrile /sodium styrenesulf onate co- 
polymer. 

8. A sheet material according to claim 1 
wherein the fabric base comprises fibers of 
poly(hexamethylene adipamide). 115 

9. A sheet material according to claim 7 
wherein the synthetic organic polymer is a 
polyurethane-polyvinyl chloride blend. 

10. A sheet material according to claim 

9 having a polyurethane /polyvinyl chloride 120 
coating which is microporous and the fibers 
of the fabric base having from 100 to 300 
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micro-crimps; per inch and crimp elongation 
values of from 15% to 300%, said sheet 
material having an elongation (at break) of 
from 20% to 150%, a polymer /fiber ratio 
5 of from 50/100 to 150/100, a Fisher pli- 
ability value of from 50 to 900, and a Per- 
meability Value of from 1000 to 10,000. 

11. A sheet material according to claim 
7 wherein the synthetic organic polymer is 

10 polyvinyl chloride. . 

12. A sheet material according to any of 
claims 1 to 11 wherein the fibers are con- 
tinuous filaments. 

13. A sheet material according to any of 
15 claims 1 to 12 wherein the non-woven fabric 

base is made by 

(a) arranging fibers having helical micro- 
crimp potential into a loose batt, and 
then 

20 (b) subjecting said loose batt to an 
agency which develops helical micro- 
crimp in the fibers, while keeping the 

* planar dimensions of said batt con- 

stant. 

25 14. A sheet material according to claim 
13 in which the fibers in (a) are bicomponent 
acrylic fibers and wherein the agency in 
(b) is a dimethylformamide /water mixture. 

15. A sheet material according to claim 
30 13 in which the fibers in (a) are 45/55 bi- 
component fibers of polyacrylonitrile and an 
acrylonitrile/sodium styrenesulfonate co- 
polymer and the agency in (b) is the vapor 
of a 60/40 to 20/80 dimethylformamide/ 

35 water mixture. . £ 

16. A process for the preparation of a 
non-roughening sheet material according to 
claim 1, which comprises (a) arranging fibers 
having helical micro-crimp potential into a 

40 loose batt, (b) subjecting said loose batt to 



an agency which develops heliqal .micro- 
crimp in the fibers, to form a coherent mass 
of enmeshed, entangled, helically micro- 
crimped fibers having the characteristics 
specified in claim 1 for the fabric base, (c) t 45 
treating said coherent mass with a synthetic ; 
organic polymer until the polymer/fiber " 
ratio is from 20/100 to 300/100, and then 
(d) drying the treated material to obtain a 
sheet material having the characteristics 
specified in claim 1. 

17. A process according to claim 16 in 
which the non-roughening sheet material 
product is microporous, and wherein the 
fibers in (a) are 45/55 bicomponent fibers of 
polyacrylonitrile and an acrylonitrile/sodium 
styrenesulfonate copolymer, the agency in 
(b) is the vapor of dimethylformamide /water 
mixture, and the synthetic organic polymer 
in (c) is a polyurethane-polyvinyl chloride 
blend. 

18. A sheet material according to any of 
claims 1 to 12 wherein the non-woven fabric 
base is made by (a) arranging the helically 
micro-crimped fibers into a batt, and then 
(b) pressing said batt to enmesh and en- 
tangle the helical crimps in said fibers. 

19. A non-roughening sheet material 
substantially as herein described in any of 
the Examples. 

20. A process for the preparation of a 
non-roughening sheet material substantially 
as herein described in any of the Examples. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306, High Holborn, 
London, W.C.I. 
For the Applicants. 
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